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Fig.1-1 The framework of this study
 




























































































































としての化石燃料由来のエネルギーに大別される。Fig.2-1 Schematic of Rakuno Gakuen Biogas Plant.





Mixing chamber  Raw manure mixing pit 30 m?
Food waste mixing container
 




Digester and pump room Anaerobic digester 250 m?
Raw manure input pump
 
Digested slurry output pump
 
Gas holder  Gas holder 15 m?
Desulfurizer
 
Co-generation and boiler Gas generator 30 kW
 












Slurry store  Slurry store 2,100 m?
Table2-2 Setting values of normal operation at Rakuno Gakuen Biogas Plant.
Setting items  Values  Remarks
 
Input material  dairy raw manure??
Scale  10 m?/day  Water content 90%??
Digester temperature  35～37℃ mesophilic
 
Retaining period  25 days
 
Biogas yield  20 m?/m? per 1 m?raw manure
 
Methane content  60%
methane  36 MJ/m?
1)It was set the amount of manure per cow at the cow weight 600-700 kg, annual lactation
 
performance 7,600 kg.
2)It added water for moisture adjusting of input manure.

















































































Heat efficiency(B) winter  15%
summer 55%
Energy utilization efficiency(A＋B) winter  40%
Table2-4 Nitrogen, phosphate and potassium con-
tents at raw manure??. ［%］
N  P?O? K?O
 
Raw feces?? 2.19  1.78  1.76
 
Urine?? 0.81  0.043  1.18
 



























































Fig.2-2 Energy input ratio of construction work at
 
Rakuno Gakuen Biogas Plant.
Table2-5 Initial input energy (energy for construc-
tion)at Rakuno Gakuen Biogas Plant.
Input energy［GJ］Ratio［%］
Office and operation room  5,410  69
 
Biogas plant  2,070  27
 
Slurry store  308  4
 
total  7,788  100
 
Fig.2-3 Change of energy input output characteris-
tics with time at Rakuno Gakuen Biogas
 
Plant.
























































Fig.2-4 Schematic of Biogas Plant on farm.





Existing pit  Raw manure mixing pit 30 m?
Digester  Anaerobic digester 250 m?




Operation and cogeneration  Gas generator 30 kW
 
Hot water storage tank
 
Raw manure input pump
 






Slurry store  Slurry store 2,100 m?
Table2-7 Initial input energy (energy for construc-
tion)at Biogas Plant on farm.
Input energy［GJ］ Ratio［%］
Office and operation room  308  12
 
Biogas plant  1,918  76
 
Slurry store  308  12
 















































































Fig.2-5 Change of energy input output characteris-
tics with time at Biogas Plant on farm.
































































































































































Fig.3-1 Schematic of effective distance from energy
 
input output.


































































Milking cow?? 1,017  305  1,322  86
 
Milking cow?? 488  190  678  84
 
Calves(350 kg) 117  51  168  78
 
Total  1,622  546  2,168  88
 
1)The milking cow which has lactational performance as 10,000
 
kg per year.
2)The milking cow which has lactational performance as 7,600
 
kg per year.
Table3-2 Consumption of diesel fuel at the farmstead composting system.
Process  Machinery  Diesel oil comsumption?? Condition of composting??





Power shovell  1,680 L
 






Dry matter decomposition rate:30% (manure)
Dry matter decomposition rate:9% (sawdust)
Loading  Power shovell  140 L
 
Total  3,260 L
 
1)Ueda (1995)







































Table3-3 Setting values of composted manure transportation and application.
Machinery  Items  Condition
 
Tractor???? Weight  3,514 kg
 
Power  69.9 kW (95PS)
Fuel consumption (rated power) 262.0 g/kW-h
 
Mnure spreader?? Weight  2,254 kg
 
Link type  tractive
 
Volume  3.9 m?
Working condition  Weight of loading compost?? 5,500 kg
 
Transport speed (go and return)?? 3.0 km/h
 
Rolling resistance coefficient (transport)?? 0.07(hard and dry field)
Application (spreading)speed?? 2.0 km/h
 
Rolling resistance coefficient (application)?? 0.1(grass land after harvesting)
Required PTO power (application)?? 14.7 kW (20 PS)
1)It was the data from the National Agriculture and Food Research Organization.
2)It was the data from the Konsen nougyou shikenjyo Hokkaido (1985).
3)Tnanka (1994)





Vlume  400 L
 
Wide  5.00 m
 
Speed  5.50 km/h
 
Theoretical field capacity  2.75 ha/h
 
Field efficiency  55%
Capacity  1.51 ha/h
 
Fuel consumption rate  5.5 L/h
 
1)Okamura (1991)
Table3-5 Energy input of materials.
Energy inputs
 








K?O  6.7 MJ/kg
 
Transportation (road)?? 3.0 MJ/(Mg・km)
1)Shigenkyoukai (1994)
2)Okubo (1991)


















































Table?-6 Amount of N,P and K at the compost and
 







Energy input  of chemical fertilizer equivalence
 
N  4.0 t  19.4 Mg?? 245 GJ
 
P?O? 9.6 t  34.3 Mg?? 121 GJ
 
K?O  16.3 t  32.6 Mg?? 109 GJ
 
Total  29.9 t  86.3 Mg  475 GJ
 
1)Contents of N,P,K which considered substitution rate for
 
chemical fertilizer.
2)It was converted to sulphate of ammonia at N content equiva-
lence.(N content:20.5%)
3)It was converted to superphosphate of lime at P content
 
equivalence.(P?O?content:28%)
4)It was converted to chloride of potash at K content equiva-
lence.(K content:50%)
Fig.3-2 Energy input at the farmstead composting
 
system and energy input of chemical ferti-
lizer equivalence for compost.
Fig.3-3 Comparison of energy input with compost
 
















































































Fig.3-4 Energy input at the centralized composting
 
system and energy input of chemical ferti-
lizer equivalence for compost.


























































































































































Fig.4-2 Schematic of process flow and system
 
boundary.
























































































CO? 1 － －
CH? 23 － －
N?O  296 － －
NO? － 0.72 －
SO? － 1.00 －
NH? － 5.99 －
T-N － － 0.26
 
T-P － － 3.06
 
COD?? － － 0.0015
 
















Table4-2 The environmental loads coefficients.
Items  Stage/Process  Output coefficient  Unit
 
CO? Non-residential construction (non-wooden) construction(shed) 3.02  t/million-yen
 
Agricultural machinery  construction (equipments) 3.74  t/million-yen
 
Metal containers,fabricated plate and sheet metal  construction (biogas plant) 4.91  t/million-yen
 
Pumps and compressors  construction (biogas plant) 4.13  t/million-yen
 
Generators  construction (biogas plant) 3.75  t/million-yen
 
electricity  generation  0.43  kg/kWh
 
diesel oil  refinery  0.0967  kg/L combustion  2.64  kg/L
 
flocculant  production  6.53  kg/kg
 
antisptic  production  0.32  kg/kg
 
CH? electricity  generation  0.00001  kg/kWh
 
diesel oil  refinery  0.000013  kg/L
 
feces  compost with aeration  0.00025  kgCH?/kg-organic matter solar drying  0.013  kgCH?/kg-organic matter
 
urine  liquid compost with aeration  0.00025  kgCH?/kg-organic matter purification  0.00  kgCH?/kg-organic matter storage  0.0092  kgCH?/kg-organic matter
 
digested slurry  storage  0.0000413  kgCH?/kg-digested slurry
 
N?O electricity  generation  0.000001  kg/kWh
 
diesel oil  refinery  0.000049  kg/L
 
feces  compost with aeration  0.0075  kgN?O-N/kgT-N solar drying  0.004  kgN?O-N/kgT-N
 
urine  liquid compost with aeration  0.067  kgN?O-N/kgT-N purification  0.12  kgN?O-N/kgT-N storage  0.0075  kgN?O-N/kgT-N
 
digested slurry  storage  0.0075  kgN?O-N/kgT-N
 
NH? feces  compost with aeration  0.19  kg/T-N
 
urine?? liquid compost with aeration  0.10  kgNH?-N/kgT-N
 
digested slurry?? storage  0.05  kgNH?-N/kgT-N
 
NO? Non-residential construction (non-wooden) construction (shed) 6.01  kg/million-yen
 
Agricultural machinery  construction (equipments) 5.07  kg/million-yen
 
Metal containers,fabricated plate and sheet metal  construction (biogas plant) 0.0067  kg/million-yen
 
Pumps and compressors  construction (biogas plant) 0.0052  kg/million-yen
 
Generators  construction (biogas plant) 0.0052  kg/million-yen
 
electricity  generation  0.00038  kg/kWh
 
diesel oil  refinery  0.00015  kg/L combustion  0.069  kg/L
 
electricity(co-generation)?? co-generation (biogas plant) 0.0023  kg/kWh
 
SO? Non-residential construction (non-wooden) construction (shed) 2.21  kg/million-yen
 
Agricultural machinery  construction (equipments) 3.18  kg/million-yen
 
Metal containers,fabricated plate and sheet metal  construction (biogas plant) 0.0035  kg/million-yen
 
Pumps and compressors  construction (biogas plant) 0.0036  kg/million-yen
 
Generators  construction (biogas plant) 0.0032  kg/million-yen
 
electricity  generation  0.00026  kg/kWh
 
diesel oil  refinery  0.00036  kg/L combustion  0.0021  kg/L
 
electricity(co-generation)?? co-generation  0.00045  kg/kWh
 
1)NH?emission was assumed as 10% of T-N.
2)NH?emission was assumed as 5% of T-N.
3)It calculated NO?emission from Natural gas combustion.
4)It calculated SO?emission by exhaust H?S contents assumed 200 ppm.































Table4-4 Condition of period,initial cost and useful life at liquid composting and purification systems.







［years］aeration  storage  BOD T-N T-P
 
store  16,669  20 Liquid composting
 
equipment  
5.9  20 days  6 months － － －
equipments  3,417  5
 
store  14,900  20 Purification (batch) 7.8  24 days － 98  85  80  equipments  18,900  7
 
store  20,500  20 Purification (continuous) 7.8  4 days － 98  85  80  equipments  23,500  7
 
store  22,550  20 Purification
(oxidation ditch)
7.8  4 days － 95  81  44  equipments  8,108  7
 
Table4-3 Condition of period,initial cost and useful life at composting systems.






［years］first stage second stage storage
 
shed  18,158  20 6 weeks － 90 days Composting depot with
 
aeration  
3.3  equipments  250  5
(40%) － － shovel loader?? 2,300  4
 
shed  15,861  20 20 days  3 weeks?? 90 days Opened composting
 
equipment  
3.3  equipments  8,733  5
(34%) (6%) － shovel loader?? 2,300  4
 
shed  12,409  20 3 weeks?? 30 days  90 days Plastic house drying  3.3  equipments  2,078  5
(24%) (16%) － shovel loader?? 2,300  4
 
shed  2,183  20 16 days － 90 days Fermentation tank of vertical
 
kiln type  
4.0  equipments  26,846  7
(30%) － － shovel loader?? 2,300  4
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Table4-5 Condition of period,initial cost and useful life at biogas plant.









shed  435,313  22
 
tanks  99,260  15
 
co-generation equipment  77,036  15 Biogas plant  23.0  mesophilic  25 days  6 months  pump  108,391  15
 
slurry store  37,767  20
 
equipments at slurry store  6,840  5
 
Table4-6 Life cycle inventory of composting systems.
Composting depot with aeration  
Opened composting equipment  
Plastic house drying  
Fermentation tank of vertical kiln type
 









NO? ［kg］ 7.88×10?? 1.51×10?? 1.03×10?? 1.60×10??
SO? ［kg］ 3.64×10?? 8.34×10?? 4.98×10?? 9.89×10??
input  feces?? ［kg］ 1.00  1.00  1.00  1.00 sawdust ［kg］ 0.25?? 0.25?? 0.40?? 0.00
 







N ［DM%］ (1.3) (1.3) (1.2) (1.9)








K?O ［DM%］ (1.4) (1.5) (1.1) (1.7)
energy  electricity ［kWh］ 2.65×10?? 1.41×10?? 9.49×10?? 5.94×10??
comsumption diesel oil ［L］ 2.19×10-? 3.79×10?? 6.59×10?? 3.79×10??
emissions  CO? ［kg］ 1.73×10?? 7.02×10?? 5.84×10?? 2.63×10??
CH? ［kg］ 5.09×10?? 5.07×10?? 1.63×10?? 5.12×10??
N?O ［kg］ 4.67×10?? 4.66×10?? 3.79×10?? 4.67×10??
NH? ［kg］ 7.61×10?? 7.61×10?? 7.61×10?? 7.61×10??
NO? ［kg］ 1.62×10?? 3.16×10?? 4.93×10?? 4.88×10??
SO? ［kg］ 1.22×10?? 4.58×10?? 4.06×10?? 1.64×10??
1)Water content 75% at feces.
2)Water content 25% at sawdust.




























































NO? ［kg］ 3.83×10?? 6.48×10?? 8.27×10?? 4.52×10??
SO? ［kg］ 1.81×10?? 3.65×10?? 4.62×10?? 2.20×10??
input  urine ［kg］ 1.00  1.00  1.00  1.00
 
drainage ［kg］ － 2.83  2.83  2.83
 
water ［kg］ － 0.00  0.81  1.49
 
Coagulant ［kg］ － 1.28×10?? 2.88×10?? －







output  treated water［kg］ 1.00?? 3.79  3.76  3.82
 
solids ［kg］ － 1.63×10?? 9.59×10?? 7.98×10??
sludge ［kg］ － 3.83×10?? 6.96×10?? 1.12×10??
N ［%］ (0.41) － － －
P?O? ［%］ (0.13) － － －








energy consumption electricity ［kWh］ 2.97×10?? 3.69×10?? 4.05×10?? 2.87×10??
emissions  CO? ［kg］ 1.26×10?? 1.65×10?? 1.91×10?? 1.22×10??
CH? ［kg］ 3.26×10?? 3.69×10?? 4.05×10?? 2.87×10??
N?O ［kg］ 7.80×10?? 1.29×10?? 1.29×10?? 1.29×10??
NH? ［kg］ 8.28×10?? － － －
NO? ［kg］ 1.13×10?? 1.40×10?? 1.54×10?? 1.09×10??
SO? ［kg］ 7.73×10?? 9.59×10?? 1.05×10?? 7.47×10??
discharge for  BOD ［kg］ － 2.24×10?? 1.35×10?? 2.18×10??
aquereous  T-N ［kg］ － 1.09×10?? 6.02×10?? 5.55×10??
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Table4-8 Life cycle inventory of biogas plant.
Biogas plant
 











input  manure ［kg］ 1.00
 
output  methane ［Nm?］ 2.60×10??











energy consumption  electricity?? ［kWh］ (1.79×10??)
heat?? ［MJ］ (1.27×10??)





















1)It was produced from co-generation.



































Fig.4-5 Comparison of global warming impact at
 
liquid composting and purification systems
 
per 1 kg urine.
Fig.4-6 Comparison of Acidification impact at liq-
uid composting and purification systems per
 
1 kg urine.
Fig.4-3 Comparison of global warming impact at
 
composting systems per 1 kg feces.
Fig.4-4 Comparison of Acidification impact at
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Fig.4-8 Comparison of global warming impact at
 
manure treatment systems per 1 kg manure.
Fig.4-10 Comparison of Eutrophication impact at
 
manure treatment systems per 1 kg manure.
Fig.4-9 Comparison of acidification impact  at
 
manure treatment systems per 1 kg manure.
Fig.4-7 Comparison of Eutrophication impact at
 
liquid composting and purification systems
 



















































































































































Fig.5-1 Schematic process flow and system boundary of three cases scenario.
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Table 5-1 The environmental loads coefficients.




construction (shed) 3.02  t/million-yen
 
Agricultural machinery  construction (equipments) 3.74  t/million-yen
 
Metal containers,fabricated plate and sheet metal  
construction (biogas plant) 4.91  t/million-yen
 
Pumps and compressors  construction (biogas plant) 4.13  t/million-yen
 
Generators  construction (biogas plant) 3.75  t/million-yen
 
electricity  generation  0.41  kg/kWh
 
diesel oil  refinery  0.105  kg/L
 
combustion  2.63  kg/L
 
CH? electricity  generation  0.000009  kg/kWh
 
diesel oil  refinery  0.000078  kg/L
 
feces  compost with aeration  0.00025  kgCH?/kg-organic matter
 
urine  liquid compost with aeration  0.00025  kgCH?/kg-organic matter
 
storage  0.0092  kgCH?/kg-organic matter
 
digested slurry  storage  0.000041  kgCH?/kg-digested slurry
 
N?O  electricity  generation  0.000019  kg/kWh
 
diesel oil  refinery  0.000045  kg/L
 
feces  compost with aeration  0.0075  kgN?O-N/kgT-N
 
urine  liquid compost with aeration  0.067  kgN?O-N/kgT-N storage  0.0075  kgN?O-N/kgT-N
 
digested slurry  storage  0.0075  kgN?O-N/kgT-N
 
NH? feces  compost with aeration  0.19  kg/T-N
 
urine?? liquid compost with aeration  0.10  kgNH?-N/kgT-N
 




construction (shed) 6.01  kg/million-yen
 
Agricultural machinery  construction (equipments) 5.07  kg/million-yen
 
Metal containers,fabricated plate and sheet metal  
construction (biogas plant) 0.0067  kg/million-yen
 
Pumps and compressors  construction (biogas plant) 0.0052  kg/million-yen
 
Generators  construction (biogas plant) 0.0052  kg/million-yen
 
electricity  generation  0.00016  kg/kWh
 
diesel oil  refinery  0.000087  kg/L combustion  0.0076  kg/L
 




construction (shed) 2.21  kg/million-yen
 
Agricultural machinery  construction (equipments) 3.18  kg/million-yen
 
Metal containers,fabricated plate and sheet metal  
construction (biogas plant) 0.0035  kg/million-yen
 
Pumps and compressors  construction (biogas plant) 0.0036  kg/million-yen
 
Generators  construction (biogas plant) 0.0032  kg/million-yen
 
electricity  generation  0.000061  kg/kWh
 
diesel oil  refinery  0.000093  kg/L combustion  0.000057  kg/L
 
electricity(co-generation)?? co-generation  0.00045  kg/kWh
 
1)NH?emission was assumed as 10% of T-N.
2)NH?emission was assumed as 5% of T-N.
3)It calculated NO?emission from Natural gas combustion.





























Table5-2 Condition of equipments,initial cost and useful life at treatment process on each scenario.
Scenario  Equipments  Initial cost［1000 yen］
Useful life
［year］
manure  area(1,430 m?) shed  54,046  20 composting depot
 
with aeration  
composting (6 weeks),atorage(90 days) equipments  547  5
 
composting  aeration (0.75 kW × 1,1.5 kW × 4,24 h/day) shovel loader  2,300  4
 
separator  roller press (2.2 kW × 1,3.5 h/day) equipments  2,280  5
 
area (257 m?) shed  9,860  20 composting depot
 
with aeration  
composting (6 weeks),atorage(90 days) equipments  119  5
 












aeraration store (118 m?),retention period (20 days) store(total) 14,085  20
 
aeration pump (3.75 kW × 1,4 h/day)






discharge pump (1.55 kW × 1,2 h× 36 times/year)
store(1,050 m?),retention period (6 months)
mixing pump (3.75kW × 1,6h× 3days× 2times/year)
discharge pump(5.5 kW × 1,10 min× 200 times/year)
digester (20-30 days) shed  4,795  20
 
store(6 months) tanks  56,366  15 slurry
 
biogas plant  
gas holder  co-generation equipment  21,109  15 biogas plant  gas generator (25-30 kW) pump  14,547  8
 
slurry store  16,869  15
 
Table5-3 Condition of equipments,initial cost and useful life at application process on each scenario.


























14,500 L  17.5  1.27  7,140  5  























14,000 L  5.0  1.95  10,710  5
 
discharge pipe:28 pipes,depht:3 cm
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Table5-4 Life cycle inventory at each scenario.
Scenario
 








CO? ［kg］ 10,618.2  9,629.4  36,160.9
 
NO? ［kg］ 19.5  15.3  49.5
 
SO? ［kg］ 8.1  7.8  29.2
 
Treatment  energy  CO? ［kg］ 51,848.3  12,981.0  0.0
 
resources  CH? ［kg］ 1.3  0.3  0.0
 












NO? ［kg］ 17.7  5.0  0.0
 
SO? ［kg］ 6.6  1.8  0.0
 
manure  CH? ［kg］ 625.2  1360.9  0.5
 
N?O ［kg］ 899.7  1912.6  145.1
 
NH? ［kg］ 1591.5  1515.6  747.1
 
NO? ［kg］ 0.0  0.0  212.9
 
SO? ［kg］ 0.0  0.0  41.2
 
MS?? MS＋SP?? SP?? BS?? SI??
Construction  CO? ［kg］ 1,584.2  3,639.3  5,291.3  5,291.3  5,291.3
 
NO? ［kg］ 2.1  4.9  7.2  7.2  7.2
 
SO? ［kg］ 1.3  3.1  4.5  4.5  4.5
 













resources  CH? ［kg］ 0.05  0.05  0.06  0.03  0.09
 
N?O ［kg］ 0.03  0.03  0.03  0.02  0.05
 
NO? ［kg］ 0.52  0.57  0.60  0.35  0.94
 
SO? ［kg］ 0.09  0.10  0.11  0.06  0.17
 
manure  NH? ［kg］ 87.2  1543.3  3255.6  1997.2  1388.3
 
1)It used 5 m?manure spreader with 75 PS tractor.
2)It used 5 m?manure spreader and 5,000 L slurry spreader (splash plate)with 75 PS tractor.
3)It used 14,000 L slurry tanker (splash plate)with 100 PS tractor.
4)It used 14,000 L slurry tanker (band spread)with 100 PS tractor.


































































Fig.5-2 Global warming impact at each scenario.
53ライフサイクル的思考による家畜ふん尿処理・利用システムの環境影響評価
















































































































































































































































Fig.6-1 Process flow model and system boundary for evaluation of manure treatment and application systems.















































































































































Fig.6-2 Setting the regional environmental data at former Yamada town to GIS data.


















Fig.6-3 Manure treatment system and compost distribution for manure application at current scenario.

















Fig.6-6 Manure treatment system and compost or digested slurry distribution for manure application at
 
scenario 3.
Fig.6-5 Manure treatment system and compost distribution for manure application at scenario 2.








































































































Fig.6-8 Comparison of total cost at all scenarios.
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Table6-1 Comparing the effect of environmental
 







Scenario 1 －240 －50,900
 
Scenario 2 －3,670  41,700
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The purpose of this paper is to evaluate the environmental impact at a livestock manure treatment and
 
utilization (management)system from life cycle approach.
Livestock manure management includes environmental problems such as odour from manure,nutrients
 
effusion from manure treatment or lack of treatment equipments,and greenhouse gases (GHG)emissions
 
from manure management. Some technologies have been developed for preventing environmental emis-
sions such as automatic composting system, multistage purification system and methane fermentation
 
system. However,these technologies include some environmental impacts(ex.GHG emission from energy
 
consumption,eutrophication impact from effluent)for reducing environmental problems at manure manage-
ments. Therefore, the evaluation was required that will be able to assess whole systems of manure
 
management with various emissions to reduce environmental impacts at total system.
The life cycle assessment (LCA)method has been applying to assess environmental aspects on products
 
or service for product development or improvement. LCA assesses the environmental aspects and potential
 
impacts throughout a life cycle of products (i.e. cradle-to-grave) from raw material acquisition through
 
production,use and disposal.
The work of this paper is to evaluate energy balance and environmental impacts at a livestock manure
 
treatment and utilization system from life cycle approach. Chapter 2 evaluated energy balance at the
 
manure management system using farm scale biogas plant from life cycle approach. Chapter 3 evaluated
 
energy balance at the manure management system using composting system from life cycle approach.
Chapter 4 assessed environmental impacts at various manure treatment system on swine manure using LCA
 
method. Chapter 5 assessed environmental impacts focused at manure spreading technique of manure
 
management system on dairy farm using LCA. Chapter 6:as discussion of these studies,tried applying LCA
 
method to evaluate environmental impacts at regional manure management system,and suggested some
 
substitute systems for reducing environmental impacts from life cycle approach.
2. Evaluation of a farm scale biogas plant from the energetic point of view
 
The biogas plant is considered as a facility for livestock manure treatment and electric power generation
 
because it can treat manure under anaerobic digester and generate electricity and heat from biogas.
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However, previous study had little attention to the energy productivity at biogas plant from life cycle
 
approach.
The purpose of this study was to evaluate energy balance at the biogas plant system from life cycle
 
approach. The object of evaluation was a biogas plant at the Rakuno Gakuen University(RGU)and farm
 
scale biogas plant. The farm scale biogas plant model was assumed from the system of the RGU biogas
 
plant.
The energy input-output of biogas plant system was evaluated from comparing fossil energy inputs (i.e.
construction, operation and maintenance)to available energy outputs (i.e. generated electricity and heat
 
from biogas and the energy value of digested slurry). The energy pay back period was calculated from
 
energy inputs and outputs for feasibility of biogas plant.
The energy pay back period at the case without digested slurry utilization was calculated 59 and 7 years
 
at the RGU and a farm scale biogas plant respectively. The energy pay back period at the case of
 
considering digested slurry utilization effect was 15 and 3 years at the RGU and a farm scale biogas plant
 
respectively.
The evaluation of energy balance at biogas plant from life cycle approach indicated that the utilization
 
of digested slurry as fertilizer is the indispensable element for practical feasibility at the biogas plant.
3. The effective distance of the compost application for chemical fertilizer substitute from the energetic point of view
 
The manure utilization has a problem at the nitrogen balance at excessive manure application to land.
This nitrogen unbalance was caused by livestock farming which was developing intensively without land for
 
manure application. Therefore,it required transportation for applying composted manure(compost)with
 
adequate nitrogen to land. However,it is clear that the long transportation to manure application increases
 
fuel consumption,and it has potential of environmental impacts from fuel consumption more than effective-
ness of manure application.
The purpose of this study was to evaluate energy balance of manure utilization from life cycle approach.
It compared energy consumption of the manure utilization(i.e.composting,transportation and spreading)to
 
the chemical fertilizer utilization(i.e.production,transportation and spreading)based on applying nutrients
 
equivalent (supplying N,P?O?and K?O for the land equally). The effective distance from energy balance
 
was applied as an indicator to evaluate effectiveness of manure utilization with transportation.
The evaluated manure utilization system was compost depot at farm scale composting utilization system
(compost depot)and centralized composting system(automatic composting equipment)for case study. The
 
effective distance from energy balance was 20 km at farm scale composting utilization system. It indicated
 
that the manure utilization with less than 20 km transportation was effective from energy balance at the
 
farm scale composting utilization system. On the other hand,the effective distance from energy balance
 
failed to apply the centralized composting system,because it required energy more than manure utilization
 
effectiveness of energy balance at the process of manure treatment.
Therefore,this study indicated the limitation of the transport distance of the compost utilization from
 
energy balance. And it revealed the availability of effective distance from energy balance for evaluation
 
of compost utilization from life cycle approach.
4. Comparison of the environmental impact in the swine manure treatment system by LCA method
 
The purpose of this study was to reveal the environmental impacts on livestock manure treatment systems
 
at pig-fattening. It was evaluated by life cycle inventory analysis and impact assessment.
The composting system had impacts of global warming and acidification. It was assessed that the global
 
warming impact from composting system were influenced by gas emissions from energy consumption as
 
much as CH?, N?O from treated manure. The liquid composting system and purification system had
 
impacts of global warming more than manure composting system. It was caused by N?O from N of liquid
 
72 菱 沼 竜 男
contents. Especially, it revealed that NH?emission has impacted acidification at the liquid composting
 
system and drainage has impacted eutrophication at the purification system. The impact of global
 
warming from methane fermentation was the lowest in these treatment systems. It was about 20% of
 
other systems at global warming impact,because the effect of closed system with anaerobic fermentation.
But,it had impact of acidification by NH?emissions from opened storage tank for digested slurry.
Therefore, this study revealed the characteristics of environmental impacts of each system by the
 
comparison of environmental impact with LCI analysis, and it indicated that manure treatment system
 
included environmental impacts for variant impact category.
5. Environmental impact of manure spreading technique in manure management system by LCA method:comparison
 
with composting and biogas plant systems
 
The purpose of this study was to evaluate the environmental impacts of manure utilization system at
 
biogas plant compared to composting system (composting depot)and separating system (solid composting
 
at depot and liquid composting at slurry store), using the life cycle assessment method. Especially, the
 
evaluation focused on environmental aspects at the manure application (manure spreading)system.
The global warming potential (GWP)was estimated 346t-CO?eq at composting system, 625t-CO?eq at
 
separating system and 86-90t-CO?eq at biogas plant. It showed that the biogas plant was relatively low
 
GWP for manure utilization system regardless of types of manure application. The acidification potential
(AP)was estimated 10t-SO?eq at composting system,18t-SO?eq at the separating system,13-24t-SO?eq at
 
biogas plant,and the emission which gave the largest impact was NH?(98-99%)at all systems. Especially,
the large part of NH?emission from the biogas plant was caused at digested slurry application process. It
 
considered that biogas plant includes trade-off between manure treatment and utilization process, and
 
between global warming and acidification impacts. However, the AP impact was decreasing with the
 
digested slurry application at band spreading attachment or shallow injection attachment compared with the
 
case of splash plate attachment.
These results led to the conclusion that the biogas plant prevents global warming gas emissions,and the
 
digested slurry application with band spreading attachment or shallow injection attachment was a necessary
 
condition for decreasing AP impact (NH?emission)for the biogas plant utilization.
6. Discussion
 
6.1 A case study applying LCA to improve regional livestock manure management system (Yamada
 
town)
The purpose of this study was to consider regional livestock manure management system with low
 
environmental impacts by LCA method and total cost quantification.
The object at this evaluation focused on manure management system at dairy farm in Yamada town,
Chiba prefecture. The evaluation applied scenario analysis to compare the global warming potential and
 
total cost at present system and some scenarios,and to consider the alternatives. The process model which
 
applied evaluation included the regional environmental data (i.e. amount and distribution of cow manure,
nitrogen required,road distance)on geographic information system (GIS). It used RCACAO for scenario
 
analysis to calculate selection technologies,system location and route of manure transportation. It was
 
software for optimization using linear programming and integer programming.
It calculated global warming impact and total cost at present system and some scenarios respectively.
The evaluation made planning of manure treatment and utilization system with detail of equipments,
location and the range of manure collection and utilization. For example, the system was using drying
 
plastic house and liquid composting equipment individually at the scenario minimizing total cost. It
 
decreased greenhouse gases(GHG)240 t-CO?eq/year and 51 million yen/year compared with present system.
It revealed that the system using biogas plant maintained high cost-effectiveness (80 kg-CO?eq/yen)for
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decreasing GHG emission. As the results,it suggested the manure management system using centralized
 
biogas plant for dairy farm located west side in Yamada town was effective alternative system for reducing
 
GHG emission.




The environmental impact from manure management was caused by several processes, and included
 
trade-off into processes and impacts. It is difficult for farmer and agricultural administration to make
 
action for preventing environmental impacts, because these environmental impacts include complicated
 
environmental aspects. Furthermore,it takes high cost for constructing manure management equipments.
The construction of manure management system with low environmental impacts is to consider potentials
 
of decreasing environmental impacts comprehensively and cost effectiveness. The life cycle approach is a
 
necessary method to support the consideration of understanding environmental impacts from manure
 
management system,because it can indicate the environmental aspects quantitatively and comprehensively.
For example, it can reveal feasibility from energy balance on technique or equipments or system for
 
improving environmental impacts,as the life cycle approach at chapter 2 and 3. The study chapter 4 and
 
5 could indicate environmental impacts quantitatively on each process or each material by LCA. Further-
more,chapter 6 the case study of applying LCA and total cost evaluation to regional livestock manure
 
management system could support for considering alternative system with quantitative reduction of environ-
mental impacts and cost effectiveness.
From these studies,this paper could reveal the availability and importance of applying life cycle approach
 
for improving manure management system with low environmental impacts.
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